ABSTRACT
Left atrial isomerism, one of heterotaxy syndromes, is a complex syndrome characterized by morphological left atrial manifestations of both atria accompanied by several cardiac and non-cardiac abnormalities. [1] [2] [3] [4] Due to bilateral left atrial morphology, the inferior caval vein (ICV)-right atrial connection is absent in nearly all cases. [5] [6] [7] In cases with left atrial isomerism with single ventricular physiology, Kawashima procedure, cavopulmonary anastomosis, is applied in which all systemic venous return is directed to the pulmonary artery, except for hepatic veins. [8] In the same session with Kawashima procedure or in another session, pulmonary circulation is separated from systemic circulation totally, when hepatic veins are directed to the pulmonary artery so. [9] Hepatic inhibitor factor is directly reached the pulmonary artery through the inclusion of hepatic veins to the pulmonary artery and pulmonary arteriovenous fistula formation is inhibited or delayed. [10, 11] In the present study, we aimed to evaluate cardiac pathologies, procedures and transcatheter interventions in patients who were diagnosed with left atrial isomerism followed in two congenital heart diseases centers and to discuss surgical approaches for single ventricular physiology and mid-term results of surgery. To the best of our knowledge, this is the first to evaluate left atrial isomerism cases in Turkey.
PATIENTS AND METHODS
Between July 2002 and December 2016, data of a total of 72 patients (25 males, 47 females; mean age: 44.6±65.8 years; range, 0 day to 255 months) who were admitted to two pediatric cardiology clinics and diagnosed with left atrial isomerism were retrospectively analyzed. During 14-year study period, 51 patients were admitted to Dr. Siyami Ersek Thoracic and Cardiovascular Surgery Training and Research Hospital, Department of Pediatric Cardiology and were scheduled for treatment. In addition, between 2012 and 2016, 21 patients were admitted to Istanbul Medipol University, Department of Pediatric Cardiology were scheduled for treatment. The study protocol was approved by the Ethics Committees of Dr. Siyami Ersek Thoracic and Cardiovascular Surgery Training and Research Hospital and Istanbul Medipol University. All patients were informed about the study and a written informed consent was obtained. The study was conducted in accordance with the principles of the Declaration of Helsinki.
Consistent with the literature, left atrial isomerism was initially suspected in patients with an interrupted IVC as assessed by echocardiography and the diagnosis was based on at least two suggestive signs. [12] These signs included abdominal situs abnormalities with or without polysplenia, bilateral hyparterial bronchus or bilateral two-lobed lung appearance, electrocardiographic evidence of a p wave vector of 180° to 360°, congenital atrioventricular (AV) block, biliary atresia, intestinal malrotation abnormalities or definite surgical confirmation of left atrial pattern of both atria. [12] [13] [14] At the initial admission, age, weight, pulse oxymetric oxygen saturation, and complaints on admission were recorded. Cardiac findings were classified based on electrocardiography, telecardiography, echocardiography, and angiocardiography. Pediatric cardiology and pediatric cardiac surgery committee reports and previous surgeries were noted. Previous echocardiography, cardiac catheterization, and operative data of patients who underwent surgery in an external center, but were followed in our study centers were recorded. The Kawashima procedure was defined as a bilateral or unilateral bidirectional cavopulmonary anastomosis which was performed to the patients with interrupted IVC-azygos continuation and in which hepatic veins were excluded from the pulmonary circulation. [8] The Fontan procedure was defined as a procedure in which hepatic veins were included in the pulmonary circulation.
Statistical analysis
Statistical analysis was performed using the SPSS version 11.0 software (SPSS Inc., Chicago, IL, USA). Data were expressed in mean ± standard deviation (SD). In addition, median values were used, if SD was above the half of the mean values, depending on the minimum and maximum values.
RESULTS
The mean follow-up was 108±49.5 (range, 12 to 173) months. On admission, cyanosis was detected in 55 patients (76.4%), cardiac murmur in 32 patients (44.4%), heart failure in 13 patients (18.05%), and growth retardation in 14 patients (19.4%). Extracardiac abnormalities are presented in Table 1 . Dextrocardia is observed in 24 patients, mesocardia in nine patients, and levocardia in 39 patients. In all 72 patients, interrupted IVC-azygos continuation was present. The azygos vein was opened to the right superior caval vein (SCV) in 40 patients and the left SCV in 32 patients. Cardiac signs are presented in Table 2 .
Of 72 patients, four did not require any surgical intervention. Of 68 patients requiring surgery, 17 were eligible for two-ventricle repair, while 51 were eligible for single-ventricle repair (Figure 1 ). In two patients with two-ventricle physiology, surgery was needed for only permanent pacemaker implantation.
In these two cases who were diagnosed with complete AV block with left atrial isomerism during the neonatal period, permanent pacemaker was surgically implanted. None of these cases had an intracardiac pathology. Five of the patients who were candidates for biventricular repair were accepted as inoperable due to pulmonary vascular disease at the time of admission to our centers. Three of these patients died, while two are still under follow-up with medical treatment. Of a total of 10 patients who were candidates for biventricular repair one had isolated ventricular septal defect (VSD) and the other one had double-outlet right ventricle associated with VSD. These patients underwent closure of VSD. Six patients underwent atrioventricular septal defect (AVSD) repair. In all patients who were candidates for biventricular repair, pulmonary veins drained to intracardiac chambers. The patients who did not require surgical repair had biventricular circulation. Two patients with isolated atrial septal defect (ASD) and two patients with isolated patent ductus arteriosus (PDA) underwent transcatheter closure (Figure 2a -e). One patient underwent permanent pacemaker implantation due to prolonged pauses associated with sinus node dysfunction. In this patient with dextrocardia, ASD, and perimembranous VSD (No. 10 in the biventricular repair group) was previously implanted a permanent pacemaker during closure of the surgical defects at two years of age. In other patients, postoperative AV block was not observed. Two other adult patients who previously underwent Kawashima procedure were applied ablation due to intraatrial reentrant tachycardia.
A total of 24 patients who were candidates for univentricular repair underwent aortopulmonary shunt surgery, while seven patients underwent pulmonary artery banding before Kawashima procedure. Four of these patients were accepted as inoperable due to aortopulmonary collateral-dependent pulmonary circulation or inappropriate pulmonary artery anatomy, while six patients were inoperable due to high pulmonary artery pressure at the time of admission and the final goal of Kawashima procedure were unable to be achieved. Of these patients, five died, while the others are still under follow-up with medical treatment. Eight of 10 patients who had balanced physiology and did not required any palliation underwent Kawashima procedure, while two are still under waiting for the procedure at a later time.
The mean time from first surgery to Kawashima procedure was 13.4±5.3 months in 16 patients who underwent aortopulmonary shunt. Four patients are still waiting for the procedure at a later time. Three of 24 patients who underwent aortopulmonary shunting died postoperatively, while another patient died after the second shunt surgery. The mean time from surgery to Kawashima procedure was 17.5±7.8 months in five patients who underwent pulmonary artery banding. One of these patients died in the early postoperative period, while another is still waiting for the procedure at a later time.
A total of 29 patients underwent Kawashima procedure (Figure 3 ). The median age at the time of surgery was 3.5 years (range, 11 months to 14 years). The mean preoperative angiographic pulmonary artery pressure was 12.7±6.4 mmHg and the mean McGoon pulmonary artery index was 1.68±0.6. The mean preoperative oxygen saturation was 74±7% (range, 65 to 84%), while the mean postoperative oxygen saturation increased to 89.4±17.6%. A total of seven patients underwent Kawashima procedure with open pulmonary antegrade flow. Five of these patients received the procedure without any palliative intervention, while one patient underwent the procedure after aortopulmonary shunt surgery and another after pulmonary artery banding. In four of the patients who underwent Kawashima procedure, hepatic veins were included in the Fontan circulation in same session. In six patients in whom hepatic veins were unable to be included in the Fontan circulation in the initial session, hepatic veins were directed to the pulmonary artery using an extracardiac conduit after a median time of 74 months in a second session due to progressive cyanosis and asthenia. None of these patients had open antegrade flow in the initial session.
After Kawashima procedure, one patient died in the early postoperative period, while two died in the late postoperative period (after 7 months and 3 years, respectively). In none of these patients, hepatic veins were unable to be included in the pulmonary circulation. No mortality was seen in the patients in whom hepatic veins were included in the pulmonary circulation in a same or second session and in whom the antegrade pulmonary flow was open.
At a median postoperative period of 63 months, the mean oxygen saturation was 92.7±10.6% in four patients in whom hepatic veins were included into the Fontan circulation at a single session. At a median postoperative period of 34 months, the mean oxygen saturation was 86.7±11.3% in the remaining patients in whom hepatic veins were included into the Fontan circulation at a separate session and these patients are still stable. In another 16 patients, the mean oxygen saturation was 84.9±13.7% and these patients are still under follow-up, and in three of them, the inclusion of hepatic veins to the pulmonary circulation were planned.
In one patient who underwent Kawashima procedure and in whom hepatic veins were directed to the pulmonary artery nine years later underwent stent implantation due to localized stenosis in the pulmonary artery leading to pleural effusion and ascites four months after the procedure. After treatment with stent implantation, this patient was hemodynamically and clinically stable.
DISCUSSION
The mortality rate of right atrial isomerism, in which atrial appendages are in bilateral right appendage morphology, is ≥85% under one year of age in patients with severe cyanotic cardiac pathologies, if left untreated. In case of left atrial isomerism, atrial appendages are bilateral and in left appendage morphology and cardiac pathologies present clinically milder than in right atrial isomerism. However, there are reports showing a mortality rate higher than 50% in left atrial isomerism. [15] In the literature, there is a limited number of largescale studies involving left atrial isomerism and, to the best of our knowledge, this is the first study conducted in Turkey.
In case of left atrial isomerism, clinical signs are non-specific and vary depending on cardiac pathologies. Some of the patients with left-to-right shunt cardiac septal defects are asymptomatic and present only with cardiac murmur, while the others may present heart failure and growth retardation. In case of reduced pulmonary blood flow, cyanosis, murmur and growth retardation may present. In case of mixed physiology, the majority of patients may present with cyanosis. In certain patients with left atrial isomerism, intracardiac anatomy is normal and the definite diagnosis can be made while investigating extracardiac diseases such as biliary atresia and malrotation. [16] In addition, some patients may present with rhythm problems such as AV block. As our centers are tertiary setting cardiac surgery services, the majority of patients are those who were previously diagnosed with congenital heart disease in external centers and referred to our centers. The initial complaints of our patients are also consistent with the literature data. [12, 13] Some left atrial isomerism cases presenting with mild pathologies may be overlooked during clinical examination. In addition, IVC interruption can be detected in some cases during catheter-angiography and these patients are incidentally diagnosed with left atrial isomerism, which complicates the scheduled procedure. In such cases, as the distance of the catheter advancing through venous route to the right atrium is longer and manipulation is more difficult, cardiac defects should be closed through different techniques. In our clinical practice, we encountered two such cases. In one case, we attempted to close PDA through antegrade route; however, complete AV block occurred. Therefore, we used transarterial closure. In another case, we closed PDA transarterially. In two cases, we used jugular veins for ASD closure and achieved successful outcomes. To reach the left atrium through jugular vein and atrial defect and to insert a guidewire into the pulmonary vein, we used a Lima catheter and a steerable sheath to carry the device (Figure 2a-e) .
In patients with left atrial isomerism, bradycardia associated with sinus node dysfunction is an expected condition. In our study, one of the patients developed bradycardia associated with sinus node dysfunction. This patient underwent biventricular repair. However, we inserted a permanent pacemaker due to prolonged pauses as assessed by Holter monitoring before surgery. In addition, surgery-related AV conduction abnormalities and atrial arrhythmias in patients with single ventricle are common. During neonatal period, two of our patients were diagnosed with complete AV block and left atrial isomerism. These patients underwent pacemaker implantation. None of these patients developed postoperative AV block. Also, two elderly patients who underwent Kawashima procedure were applied ablation due to intraatrial reentrant tachycardia.
Previous studies have shown a remarkable female predominance in patients with left atrial isomerism. [17, 18] Our study is also consistent with the literature data. Gilljam et al. [12] reported that the age of the diagnosis varied from 1 day to 16 years. In our study, this rate was also ranging from 1 day to 29 years. Although the majority of the patients were diagnosed during the neonatal period, some were diagnosed late. In our study, the latest age of diagnosis was 21 years. In this patient the absence of right ventricular outflow tract obstruction and significant left to right shunt presenting with heart failure signs precluded early diagnosis. This patient was admitted to our clinic due to pulmonary hypertension related to the left-to-right shunt with a significant decrease in the exercise capacity.
The rate of interrupted infrahepatic IVC-azygos continuation ranges from 85 to 100% in patients with left atrial isomerism. [18] In our study, all patients had an interrupted IVC. This finding indicates that isomerism of the atrial appendages may be overlooked in case of cardiac pathologies without an interrupted IVC. In the literature, the most common concomitant cardiac pathology is AVSD in patients with left atrial isomerism. [14] Our study is also consistent with the literature. Although pulmonary atresia and singleventricle pulmonary stenosis are specific to the right atrial isomerism, we observed a higher rate in patients with left atrial isomerism, compared to the literature findings, which might have contributed to the increased morbidity and mortality rates.
Treatment of left atrial isomerism depends on the presence of intracardiac pathology. Two-thirds of patients are eligible for biventricular repair, while few are eligible for single-ventricle repair. [16] In our study, contrast to the literature findings, the number of patients with biventricular physiology was lower. This suggests that segmental analysis was less commonly performed in acyanotic patients who might be eligible for biventricular repair and patients with mild cardiac pathologies are infrequently admitted to the healthcare centers or delayed. If early total correction or pulmonary artery banding is unable to be performed in AVSD patients, emerging pulmonary vascular disease may complicate surgery and increases mortality. In our study, two such patients were diagnosed with pulmonary vascular disease and were not operated. These patients were scheduled for followup with medical treatment. In some cases, intracardiac pathologies can be treated through transcatheterization without surgery. Similarly, in our study, two patients with isolated PDA and two patients with isolated large ASD were treated with transcatheterization.
In patients undergoing Kawashima procedure, all systemic veins are included into the pulmonary artery, except for hepatic veins. Several studies have shown that inclusion of hepatic inhibitor factor secreted by the liver into the systemic circulation bypassing the lungs may lead to pulmonary arteriovenous fistulas. [19, 20] Following total cavopulmonary anastomosis, the rate of pulmonary arteriovenous fistula ranges from 17 to 58%. [19] Following Kawashima procedure, developing collaterals between hepatic veins and systemic veins and pulmonary arteriovenous fistulas worsen the prognosis, contributing to the progression of cyanosis. [20] Several studies have shown that early inclusion of hepatic veins to the pulmonary artery may prevent pulmonary arteriovenous fistula formation, decrease progressive cyanosis, and reduce morbidity and mortality. [11, 21] In our study, following Kawashima procedure, we included hepatic veins using an extracardiac conduit approach in six patients who developed progressive cyanosis during follow-up and we included hepatic veins into the pulmonary circulation in a single session in four patients starting from 2012, based on our experience and literature data. No mortality was seen in these patients and all are stable and still under follow-up without desaturation.
In the present study, of 72 patients with left atrial isomerism, 16 (22%) died. Many of these patients were unable to be intervened and died from pulmonary vascular disease and non-confluent pulmonary arteries and these patients were often admitted at late stage. In our study, the mortality rate of shunt surgery was 20.8%, which is consistent with the literature findings. [22, 23] In the literature, the mortality rate of Kawashima procedure varies from 0 to 33%, [24, 25] while in our study, only one patient died in the early postoperative period and the mortality rate was 3.4%. Another patient who developed protein-losing enteropathy died from recurrent ascites and effusions.
The main limitation of our study is that all patients were unable to be followed in our clinic as of birth and some patients were admitted at older age. Therefore, we are unable to make a conclusion about the prognosis of left atrial isomerism. We have also insufficient knowledge about why inoperable patients due to high pulmonary artery pressure at the time of this study were left untreated or why these patients did not receive pulmonary artery rehabilitation and missed the chance of Kawashima procedure. We consider that these patients without rhythm disorder or any anatomical cardiac pathology were not meticulously examined. Another limitation is our small sample size: we were unable to conduct a statistical comparison between the patients in whom the antegrade flow was left open and the patients in whom the hepatic veins were included in the circulation early or late.
In conclusion, left atrial isomerism may present with a broad range of spectrum ranging from normal intracardiac anatomy to severe cyanotic singleventricle pathologies. The Kawashima procedure can be performed directly or after palliative operations in patients who are candidates for single-ventricle repair. Of note, tissue oxygenation tends to decrease due to pulmonary arteriovenous fistulas following the Kawashima procedure. Therefore, inclusion of hepatic veins to the circulation in a single session or in the early postoperative period or leaving the antegrade flow open in selected cases appear to be safe.
